A comprehensive screening system for damaged nucleotide-binding proteins.
To identify novel nucleotide pool sanitizing enzymes, we have established a comprehensive screening system for damaged nucleotide-binding proteins based on proteomics technology. In the screening system, affinity chromatography with resins carrying various damaged nucleotides is used for the purification of binding proteins, and the purified proteins are identified by mass-spectrometry. Inosine triphosphate (ITP) is a deleterious damaged nucleotide, and can be generated by nitrosative deamination of ATP or phosphorylation of inosine monophosphate (IMP). Using the above system, we performed screens for ITP-binding proteins from mouse and human cell extracts, and identified several ITP-binding enzymes. We identified both mouse inosine triphosphatase (ITPA) and human ITPA, well-known ITP hydrolyzing enzymes, as ITP-binding proteins. These results support the validity of this screening system. In addition to ITPA, we identified human nucleoside diphosphate linked moiety X-type motif 16 (NUDT16) protein as an ITP-binding protein. Biochemical analysis revealed that NUDT16 selectively hydrolyzes deoxyinosine diphosphate (dIDP) and IDP to deoxyinosine monophosphate (dIMP) and IMP, respectively. dITP and ITP are also hydrolyzed by NUDT16 to a lesser extent. The knockdown of NUDT16 in HeLa MR cells suppressed cell proliferation, and was accompanied by a significantly increased accumulation of strand breaks in nuclear DNA, suggesting that NUDT16 has an essential role in the maintenance of genome stability. RS21-C6, another ITP-binding protein identified in our screen, binds not only to ITP, but also to ATP. RS21-C6 hydrolyzes dCTP and 5-halo-dCTP, but does not hydrolyze ITP or ATP. It is likely that RS21-C6 may control dCTP levels or eliminate 5-halo-dCTP in the nucleotide pools. In conclusion, the results of these studies show that our screening system is applicable in studying the health effects of damaged nucleotides and cellular sanitizing systems for nucleotide pools.